###### Strengths and limitations of this study

-   A strength of the study is the large general population sample consisting of 1644 participants.

-   The sample included representation of various age groups (25--78 years), both sexes and various ethnic groups, thus providing findings of broad generalisability.

-   A possible limitation is the cross-sectional study design, which limits the ability to assess directionality in the associations of lifestyle variables with atrophic gastritis.

-   Using serum pepsinogens to study atrophic gastritis likely underestimated the prevalence of this outcome.

Introduction {#s1}
============

Gastric cancer, among the most common cancers, is a leading cause of cancer deaths worldwide.[@R1] Gastric cancer incidence rates are highest in East Asia, followed by Central/East Europe and South America, with low rates in North America and Africa,[@R1] as well as in Israel.[@R2] Gastric cancer is classified according to subsite; cardia (proximal) cancer that originates in the area near the oesophageal--gastric junction and non-cardia (distal) gastric cancer, which comprises \~73% of the cases globally.[@R3] *Helicobacter pylori* is an established cause of distal gastric cancer (almost 90%).[@R4] Infection with *H. pylori* strains expressing cytotoxin-associated gene A (CagA) antigen is associated with greater risk for gastric cancer.[@R5]

Gastric cancer develops in a progressive manner known as the Correa cascade. This process is initiated and promulgated by *H. pylori*, starting with chronic active gastritis that progresses to chronic atrophic gastritis, intestinal metaplasia and dysplasia that finally develops into invasive carcinoma.[@R6] Hence, the identification of risk factors for atrophic gastritis, a precursor of gastric cancer, is essential for gastric cancer prevention. In studies of the general asymptomatic population, non-invasive markers are needed to identify patients at risk. Serum pepsinogen I (PGI) and PGII, proenzymes of pepsin, are most commonly used. PGs are secreted into the gastric lumen and can be found in the serum.[@R8] With increasing severity of *H. pylori* gastritis, serum PGI and PGII levels become elevated, but when atrophic changes occur in the corpus, the PGI level and the PGI:PGII ratio decrease. These markers can predict atrophic gastritis, intestinal metaplasia and gastric cancer.[@R7]

In Israel, the incidence of gastric cancer was higher among the Jewish population than the Arab population, although the prevalence of *H. pylori* infection is higher in the latter.[@R14] Recently, the gap in incidence of gastric cancer has closed, due to decreased rates in the Jewish population, but slightly increased rates in the Arab population.[@R2] In this unique setting, we examined the prevalence of serological evidence of atrophic gastritis, using serum PG levels as non-invasive markers for this condition, in Arab and Jewish residents of Jerusalem, as well as potential risk factors. Our hypothesis was that demographic factors, lifestyle and *H. pylori* infection are related to atrophic gastritis seroprevalence.

Methods {#s2}
=======

Study design and population {#s2a}
---------------------------

We used archived anonymised sera obtained in the framework of a cross-sectional study conducted in 2007--2008 among Jewish and Arab residents of Jerusalem, aged 25--78 years at the examination. Details of the study design have been reported.[@R15] Briefly, age-stratified and sex-stratified random samples of 2000 Arab residents of East Jerusalem and 2000 Israeli Jewish residents of Jerusalem, aged 25--74 years at sampling, were drawn from the Israel national population registry. Individuals were ineligible if they were unable to provide informed consent, institutionalised, housebound or had a severe illness; and women, if they were pregnant or gave birth within the 3 months preceding study initiation. The response rates among those located were 77% for Arabs (n=970) and 54% for Jews (n=712).[@R15] Sera from 952 (98.0%) and 692 (97.2%) Arab and Jewish participants, respectively, were available for this study.

Data were collected through personal interviews with the participants. Information was obtained on age (grouped as 25--44, 45--64 and 65--78 years); sex and education (classified as having an academic degree, high school/some college, some high school or less). For Jewish participants, country of birth was defined based on the participant's report of a country of birth, which was classified as Israel, Europe, Asia (predominantly the Middle East), North Africa and the Americas. Smoking was classified as reported smoking of at least one cigarette daily versus no smoking/other (ie, smoking less than one cigarette/day). Height and weight were measured without shoes and with light clothing. Weight in kilograms was measured to the nearest 100 g using a Visual Analogue Scale, and standing height was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as: weight (in kg)/height (in metres^2^). Obesity was defined as BMI ≥30 kg/m^2^. Physical activity in a typical week was assessed using the Multi-Ethnic Study of Atherosclerosis questionnaire.[@R15] Participants were classified as physically active if they met WHO recommendation for physical activity in adults aged 18--64 years[@R17]: doing at least 150 min of moderate-intensity aerobic physical activity throughout the week or doing at least 75 min of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate and vigorous-intensity physical activity of at least 600 metabolic equivalent of task (MET)-minutes weekly.

Laboratory methods {#s2b}
------------------

Concentrations of serum PGI and PGII were quantified by ELISA (Biohit, Helsinki, Finland) and PGI:PGII ratios were calculated. Atrophic gastritis was defined as a serum PGI level of \<30 µg/L or a PGI:PGII ratio \<3.0, following the manufacturer's instructions. Sera were also tested for the presence of specific *H. pylori* IgG antibodies using ELISA (Enzygnost Anti-*H. pylori* II/IgG kit, Siemens Diagnostics Product, Marburg, Germany). The sensitivity and specificity of the kit are 94%--98%. The presence of IgG antibody against recombinant CagA protein was measured in *H. pylori-*positive duplicate sera using a modified in-house ELISA protocol as previously described.[@R18] All assays were performed in one laboratory at Tel University by an experienced technician. Each ELISA plate included sera from both Arab and Jewish participants, in addition to positive and negative controls and calibrators that were provided in the kits. Repeated tests of subsamples PGI (n=26) and PGII (n=16) on two different occasions showed high correlations between the two measurements: Pearson correlation coefficients were 0.98 and 0.97, respectively.

Patient and public involvement {#s2c}
------------------------------

Patients and public figures were not involved in the study design or implementation.

Statistical analysis {#s2d}
--------------------

χ^2^ tests were employed to assess unadjusted associations of sociodemographic variables, *H. pylori* serostatus, obesity, physical activity and smoking with atrophic gastritis (PGI \<30 µg/L or a PGI:PGII ratio \<3.0). Bivariate and multivariable logistic regression models were fitted. Unadjusted and adjusted ORs (aORs) and 95% CIs were obtained from logistic regression models. Pooled and stratified analyses by population group were conducted. Interactions between population groups and other independent variables were assessed. We assessed differences in the mean PGI:PGII ratio according to *H. pylori* serostatus, using age-adjusted and sex-adjusted mixed linear models. Overall, missing information was very low (up to 0.6% for smoking); therefore, the imputation of data was not performed. Sensitivity analysis was performed using the following definitions: (1) PGI \<40 µg/L or PGI:PGII \<3; (2) PGI \<50 µg/L or PGI: PGII \<3. These cut-off values were selected based on a systematic review that assessed the validity of the Biohit ELISA[@R12]; most studies were shown to use a PGI:PGII ratio \<3; and in some, this was in combination with PGI levels that were mostly in the range of 25--50 µg/L. Data were analysed using SPSS V.24.

Results {#s3}
=======

The mean ages of the Jewish and Arab participants were 52.5 years (SD 13.5) and 52.0 years (SD 13.8), respectively (p=0.4). Men comprised 52.7% and 53.0% of the Jewish and Arab participants, respectively (p=0.9). The prevalence of atrophic gastritis was 7.6% (95% CI 6.4% to 9.0%) and was more common among Arab participants: 8.8% (95% CI 7.2% to 10.8%) than among Jewish participants: 5.9% (95% CI 4.4% to 7.9%), p=0.029.

Risk factors for atrophic gastritis {#s3a}
-----------------------------------

The prevalence of atrophic gastritis was higher in women than in men (9.3% and 6.1%, respectively, p=0.014) and increased strongly with age, from 2.6% in those aged 25--44 years to 11.5% in those aged 65--78 years (p for trend \<0.001). Unexpectedly, participants who were seronegative for *H. pylori* IgG antibody had a higher prevalence of atrophic gastritis (11.8%) compared with those who were *H. pylori* seropositive, both among those who were negative and positive for CagA IgG serum antibody (5.6% and 7.0%, respectively) (p=0.001). Physically active persons had a lower prevalence of atrophic gastritis than non-active participants (7.0% vs 11.3%, p=0.017). Smokers displayed a borderline significant lower prevalence of atrophy than non-smokers (5.6% vs 8.3%, p=0.086). No significant differences in atrophic gastritis prevalence were found according to education and obesity ([table 1](#T1){ref-type="table"}).

###### 

Prevalence of atrophic gastritis according to sociodemographic factors and health behaviours

                                             Overall          P value\*   Jewish participants   P value\*   Arab participants   P value\*   P for interaction†
  ------------------------------------------ ---------------- ----------- --------------------- ----------- ------------------- ----------- --------------------
  Overall                                    125/1644 (7.6)   --                                                                            --
  Population group                                                                                                                          
   Jews                                      41/692 (5.9)     0.029       --                    --          --                  --          --
   Arabs                                     84/952 (8.8)                 --                    --          --                  --          
  Sex                                                         0.014                             0.13                            0.05        0.9
   Males                                     53/870 (6.1)                 17/365 (4.7)                      36/505 (7.1)                    
   Females                                   72/774 (9.3)                 24/327 (7.3)                      48/447 (10.7)                   
  Age, years‡                                df=2             \<0.001     df=2                  0.005       df=2                \<0.001     0.7
   25--44                                    14/541 (2.6)                 3/217 (1.4)                       11/324 (3.4)                    
   45--64                                    68/729 (9.3)                 23/320 (7.2)                      45/409 (11.0)                   
   65--78                                    43/374 (11.5)                15/155 (9.7)                      28/219 (12.8)                   
  Education§¶                                df=2             0.19        df=2                  0.5         df=2                0.7         0.9
   Some high school or less                  72/875 (8.2)                 17/264 (6.4)                      55/611 (9.0)                    
   High school certificate/some college      32/379 (8.4)                 12/168 (7.1)                      20/211 (9.5)                    
   Academic education                        21/383 (5.5)                 12/256 (4.7)                      9/127 (7.1)                     
  *Helicobacter pylori* IgG seropositivity   df=2             0.001       df=2                  0.13†       df=2                \<0.001     \<0.001
   *H. pylori* negative                      50/425 (11.8)                12/267 (4.5)                      38/158 (24.1)                   
   *H. pylori* positive CagA negative        42/747 (5.6)                 16/287 (5.6)                      26/460 (5.7)                    
   *H. pylori* positive CagA positive        33/472 (7.0)                 13/138 (9.4)                      20/334 (6.0)                    
  Smoking¶                                                    0.086                             0.15                            0.2         0.4
   ≥1 cigarettes/day                         21/375 (5.6)                 4/130 (3.1)                       17/245 (6.9)                    
   No smoking/other                          104/1255 (8.3)               37/555 (6.7)                      67/700 (9.6)                    
  Obesity¶                                                    0.14                              0.7                             0.2         0.7
   BMI \<30 kg/m^2^                          73/1056 (6.9)                30/517 (5.8)                      43/539 (8.0)                    
   BMI ≥30 kg/m^2^                           52/585 (8.9)                 11/172 (6.4)                      41/413 (9.9)                    
  Physical activity                                           0.017                             0.16                            0.002       0.034
   No                                        28/247 (11.3)                1/64 (1.6)                        27/183 (14.8)                   
   Yes                                       97/1394 (7.0)                40/625 (6.4)                      57/769 (7.4)                    
  Country of birth                                                        df=4                  0.058                                       
   America                                   --               --          2/44 (4.5)                        --                  --          
   Europe                                    --               --          11/157 (7.0)                      --                  --          
   Asia                                      --               --          6/63 (9.5)                        --                  --          
   North Africa                              --               --          8/66 (12.1)                       --                  --          
   Israel                                    --               --          14/360 (3.9)                      --                  --          

\*P values by χ^2^ test or Fisher exact test where appropriate.

†P for interaction between population group and each of the independent variables, obtained by logistic regression models.

‡P for trend 0.001, \<0.001 and \<0.001 among Jewish participants, Arab participants and overall.

§P for trend 0.4, 0.6 and 0.12 among Jewish participants, Arab participants and overall.

¶Overall information on education, smoking, BMI was missing for 7, 10 and 3 persons, respectively.

BMI, body mass index; CagA, cytotoxin-associated gene A.

A strong interaction was found between population group and *H. pylori* serostatus (p for interaction \<0.001). An interaction term between population group and physical activity was statistically significant (p=0.034) ([table 1](#T1){ref-type="table"}), but not for the other independent variables. Among Jewish participants, the prevalence of atrophic gastritis was 9.4% in persons infected with CagA positive strains, followed by 5.6% in persons infected with strains lacking CagA and 4.5% in *H. pylori* seronegatives (p for trend=0.061). However, among Arab participants, individuals who were seronegative for *H. pylori* IgG antibody had a substantially higher prevalence of atrophic gastritis (24.1%) compared with *H. pylori* seropositives, regardless as to whether they were negative or positive for CagA IgG antibody: 5.7% and 6.0%, respectively, (p\<0.001). Among Arabs, physically active persons had a lower prevalence of atrophic gastric than non-active ones (7.4% vs 14.8%, p=0.002), whereas Jewish participants showed no significant difference according to physical activity. In both population groups, no significant differences were found in the prevalence of atrophic gastritis according to education, smoking and obesity ([table 1](#T1){ref-type="table"}). Among Jewish participants, atrophic gastritis prevalence was lower in persons who were born in Israel and the Americas (3.9%--4.5%) compared with those who were born in European, African or Asian countries (7%--12%), p=0.058 (df=4) ([table 1](#T1){ref-type="table"}).

In multivariable models, the association of age with atrophic gastritis persisted in both Jews ([table 2](#T2){ref-type="table"}) and Arabs ([table 3](#T3){ref-type="table"}), but the association with sex was not significant. Jewish participants who were positive for CagA IgG antibody had a higher likelihood of atrophic gastritis than did uninfected ones: aOR 2.16 (95% CI 0.94 to 4.97), p=0.065 ([table 2](#T2){ref-type="table"}). In Arabs, however, inverse associations were observed for both CagA positive and negative phenotypes with atrophic gastritis ([table 3](#T3){ref-type="table"}). The associations of physical activity and smoking with atrophic gastritis were not significant among Jewish participants ([table 2](#T2){ref-type="table"}).

###### 

Correlates of atrophic gastritis among Jewish participants

  Variable                                   Crude OR (95% CI)\*    P value\*   Adjusted OR (95% CI)†   P value†
  ------------------------------------------ ---------------------- ----------- ----------------------- ----------
  Sex                                                                                                   
   Males                                     Reference                          Reference               
   Females                                   1.62 (0.85 to 3.07)    0.13        1.43 (0.74 to 2.77)     0.27
  Age, years                                 df=2                   0.007       df=2                    0.01
   25--44                                    Reference                          Reference               
   45--64                                    5.52 (1.64 to 18.64)   0.006       4.99 (1.47 to 16.95)    0.01
   65--78                                    7.64 (2.17 to 26.88)   0.002       7.14 (2.00 to 25.41)    0.002
  *Helicobacter pylori* IgG seropositivity   df=2                   0.14        df=2                    0.13
   *H. pylori* negative                      Reference                          Reference               
   *H. pylori* positive CagA negative        1.25 (0.58 to 2.70)    0.56        1.17 (0.53 to 2.55)     0.73
   *H. pylori* positive CagA positive        2.21 (0.98 to 4.98)    0.056       2.16 (0.94 to 4.97)     0.065
  Smoking                                                                                               
   ≥1 cigarettes/day                         0.44 (0.15 to 1.27)    0.13        0.60 (0.20 to 1.77)     0.35
   No smoking/other                          Reference                          Reference               
  Physical activity                                                                                     
   No                                        Reference                          Reference               
   Yes                                       4.30 (0.58 to 31.87)   0.15        1.43 (0.58 to 3.52)     0.4

\*ORs, 95% CIs and p values obtained from bivariate logistic regression models.

†Adjusted OR, 95% CI and p values obtained from a multivariable logistic regression model. Adjusted for the variables in the table. Nagelkerke R square=0.089, Hosmer and Lemeshow test; df=8, p=0.44. In an additional model (not shown), an interaction term between physical activity and smoking was not significant (p=0.9).

CagA, cytotoxin-associated gene A.

###### 

Correlates of atrophic gastritis among Arab participants

  Variable                                   Crude OR (95% CI)\*   P value\*   Adjusted OR (95% CI)†   P value†
  ------------------------------------------ --------------------- ----------- ----------------------- ----------
  Sex                                                                                                  
   Males                                     Reference                         Reference               
   Females                                   1.57 (0.99 to 2.46)   0.052       1.44 (0.86 to 2.42)     0.16
  Age, years                                 df=2                  \<0.001     df=2                    0.002
   25--44                                    Reference                         Reference               
   45--64                                    3.52 (1.79 to 6.92)   \<0.001     3.26 (1.62 to 6.52)     0.001
   65--78                                    4.17 (2.03 to 8.57)   \<0.001     3.47 (1.61 to 7.47)     0.001
  *Helicobacter pylori* IgG seropositivity   df=2                  \<0.001     df=2                    \<0.001
   *H. pylori* negative                      Reference                         Reference               
   *H. pylori* positive CagA negative        0.18 (0.11 to 0.32)   \<0.001     0.18 (0.10 to 0.32)     \<0.001
   *H. pylori* positive CagA positive        0.20 (0.11 to 0.36)   \<0.001     0.19 (0.11 to 0.36)     \<0.001
  Smoking                                                                                              
   ≥1 cigarettes/day                         0.70 (0.40 to 1.22)   0.2         0.87 (0.47 to 1.62)     0.6
   No smoking/other                          Reference                         Reference               
  Physical activity                                                                                    
   No                                        Reference                         Reference               
   Yes                                       0.46 (0.28 to 0.75)   0.002       0.63 (0.36 to 1.09)     0.10

\*OR, 95% CIs and p values obtained from bivariate logistic regression models.

†Adjusted OR, 95% CI and p values obtained from a multivariable logistic regression model. Adjusted for the variables in the table. Nagelkerke R square=0.15, Hosmer and Lemeshow test; df=8, p=0.5. In an additional model (not shown), an interaction term between physical activity and smoking was introduced; it showed a protective effect of physical activity among Arabs that appeared to be limited to non-smokers: aOR 0.52 (95% CI 0.28 to 0.94) (p=0.029), but a test for a smoking--physical activity interaction was not statistically significant (p=0.11).

CagA, cytotoxin-associated gene A.

Among Arabs no significant association was found between smoking and atrophic gastritis (p=0.6); whereas, an inverse association was found with physical activity: aOR 0.63 (95% CI 0.36 to 1.09) (p=0.08 for interaction) ([table 3](#T3){ref-type="table"}). A protective effect of physical activity among Arabs appeared to be limited to non-smokers: aOR 0.52 (95% CI 0.28 to 0.94) (p=0.029), but a test for a smoking--physical activity interaction was not significant (p=0.11).

In population-pooled multivariable analysis, a significant interaction was found between population group and *H. pylori* infection. Specifically, *H. pylori* seronegative Arabs had a substantially higher likelihood of atrophic gastritis than both CagA seropositives (aOR 0.09, 95% CI 0.033 to 0.25) and seronegatives (aOR 0.15, 95% CI 0.06 to 0.41), with associations opposite those evident in their Jewish counterparts (p\<0.001 for interaction) ([table 4](#T4){ref-type="table"}). In this model, CagA IgG seroprevalence was related to a twofold higher likelihood of atrophic gastritis among Jews. No significant associations were found of smoking and physical activity with atrophic gastritis. An additional model that included an interaction term between physical activity and population group suggested an inverse association with physical activity among Arabs only (p=0.08) (data not shown).

###### 

Population-pooled analysis of the correlates of atrophic gastritis

  Variable                                                                         Crude OR (95% CI)\*    P value\*   Adjusted OR (95% CI)†   P value†
  -------------------------------------------------------------------------------- ---------------------- ----------- ----------------------- ----------
  Sex                                                                                                                                         
   Males                                                                           Reference                          Reference               
   Females                                                                         1.58 (1.09 to 2.29)    0.015       1.50 (1.00 to 2.24)     0.048
  Age, years                                                                       df=2                   \<0.001     df=2                    \<0.001
   25--44                                                                          Reference                          Reference               
   45--64                                                                          3.95 (2.20 to 7.11)    \<0.001     3.75 (2.06 to 6.81)     \<0.001
   65--78                                                                          4.94 (2.66 to 9.18)    \<0.001     4.65 (2.45 to 8.85)     \<0.001
  Population group (in persons lacking *Helicobacter pylori* IgG serum antibody)                                                              
   Jews                                                                            Reference                          Reference               
   Arabs                                                                           6.72 (3.39 to 13.34)   \<0.001‡    6.80 (3.37 to 13.74)    \<0.001
  *H. pylori* IgG seropositivity (among Jews)                                      df=2                   0.14‡       df=2                    0.14
   *H. pylori* negative                                                            Reference                          Reference               
   *H. pylori* positive CagA negative                                              1.25 (0.58 to 2.70)    0.56‡       1.17 (0.54 to 2.55)     0.67
   *H. pylori* positive CagA positive                                              2.21 (0.98 to 4.98)    0.056‡      2.17 (0.95 to 4.96)     0.064
  Interaction of population (Arabs=1) X *H. pylori* serostatus                     df=2                   \<0.001‡    df=2                    \<0.001
   *H. pylori* positive CagA negative                                              0.15 (0.05 to 0.38)    \<0.001‡    0.15 (0.06 to 0.41)     \<0.001
   *H. pylori* positive CagA positive                                              0.09 (0.03 to 0.24)    \<0.001‡    0.09 (0.033 to 0.25)    \<0.001
  Smoking                                                                                                                                     
   ≥1 cigarettes/day                                                               0.65 (0.40 to 1.06)    0.088       0.80 (0.47 to 1.34)     0.40
   No smoking/other                                                                Reference                          Reference               
  Physical activity                                                                                                                           
   No                                                                              Reference                          Reference               
   Yes                                                                             0.58 (0.37 to 0.91)    0.018       0.85 (0.52 to 1.39)     0.53

\*ORs, 95% CIs and p values obtained from bivariate logistic regression models.

†Adjusted OR, 95% CI and p values obtained from a multivariable logistic regression model that included the variables age, sex, smoking, physical activity, population group, *H. pylori* infection and an interaction term between population group and *H. pylori* infection. Nagelkerke R square=0.13, Hosmer and Lemeshow test; df=8, p=0.78.

‡ORs and p values from a logistic regression model that included *H. pylori* infection, population group and an interaction term between population group and *H. pylori* infection.

CagA, cytotoxin-associated gene A.

Given the divergent associations between *H. pylori* serostatus and atrophic gastritis in the Arab and Jewish samples, we explored whether *H. pylori* CagA seroprevalence is related to lower mean PGI:PGII. A linear mixed model that adjusted for age and sex showed that in both population groups, persons with CagA IgG serum antibody had the lowest mean PGI:PGII ratio, followed by persons who were *H. pylori* seropositive but lacking CagA antibody and lastly by those uninfected with *H. pylori* (p for trend \<0.001 in both groups). However, the slope of the ordinal trend was weaker among the Arabs, and Jewish participants with CagA phenotype had a lower mean PGI:PGII ratio than their Arab counterparts, and those seronegative for *H. pylori* had higher PGI: PGII ratios ([figure 1](#F1){ref-type="fig"}).

![Age-adjusted and sex-adjusted mean PGI:PGII ratio according to *Helicobacter pylori* serostatus and population group^a^. ^a^Adjusted for age and sex by a linear mixed model. Error bars represent 95% CIs. CagA, cytotoxin--associated gene A; PGI, pepsinogen I.](bmjopen-2018-024689f01){#F1}

Sensitivity analysis {#s3b}
--------------------

Based on a systematic review that assessed the validity of Biohit ELISA,[@R12] most studies used a PGI:PGII ratio \<3; and in some, this was in combination with PGI levels in the range of 25--50 µg/L. Therefore, in the sensitivity analysis, we used the following definitions for atrophic gastritis: (1) PGI \<40 µg/L or PGI:PGII \<3; (2) PGI \<50 µg/L or PGI:PGII \<3. The overall prevalences of atrophic gastritis were 7.8% and 9.3% when applying these definitions, respectively. The respective prevalences among Jewish versus Arab participants were 6.1% vs 9.0% (p=0.028) and 7.2% vs 10.7% (p=0.016). Multivariable models using these definitions (online [supplementary table 1](#SP1){ref-type="supplementary-material"}) showed similar results to those obtained using the preplanned definition.

10.1136/bmjopen-2018-024689.supp1

Discussion {#s4}
==========

We assessed the prevalence and correlates of serological evidence of atrophic gastritis, a precursor of gastric cancer, in a general population sample of Jews and Arabs living in Jerusalem. Overall, the estimated prevalence of atrophic gastritis was 7.6%; the prevalence was higher among Arab than Jewish participants (8.8% vs 5.9%, p=0.029).

Using serum PGs as a surrogate marker for atrophic gastritis is challenging given the lack of agreement on a specific cut-off to define atrophic gastritis and on the optimal marker.[@R10] We applied a combination of PGI level and PGI:PGII ratio, which has been shown to improve the accuracy of detection.[@R22] When using Biohit ELISA for measuring serum PGs, a PGI level of 25--30 µg/L or less and PGI: PGII \<3.0 are commonly used cut-off values[@R11] (reviewed in ref [@R12]), with reasonable sensitivity of 71%--90% and high specificity of 90%--98% compared with gastric biopsy.[@R23] Others have shown that a higher PGI:PGII ratio of 4--6 might be warranted to enhance the sensitivity of serum PGs in identifying atrophic gastritis,[@R19] but at the cost of reduced specificity. Thus, the prevalence of atrophic gastritis found in our study might be an underestimate.

A population-based study of persons aged 50--74 years in Germany[@R27] showed a prevalence of atrophic gastritis of 6.3% with a cut-off of PGI \<25 µg/L, and a prevalence of 5.7% using atrophic gastritis definition of PGI \<70 µg/L; plus PGI: PGII \<3.0. In Sweden, a 5.8% prevalence was documented in persons aged 35--64 years, using PGI \<45 µg/L to define atrophic gastritis,[@R20] while in Latvia a 13.3% prevalence was found using PGI ≤30 µg/L plus PGI: PGII \<2.0 as an indicator for advanced atrophy.[@R28] Using a cut-off value of PGI:PGII ratio \<3 showed a prevalence of 4.1% among persons aged 35--99 years from Iran.[@R29] Our prevalence estimates of atrophic gastritis fall within the range of these reports, although direct comparability might be limited. The higher prevalence of atrophic gastritis found among Arab compared with Jewish participants is in line with the higher prevalence of *H. pylori* infection and exposure to CagA strains in our Arab population, as well as in our previous studies that demonstrated a higher prevalence of infection among Arabs.[@R14] However, the excess in atrophic gastritis among Arab participants in the current study is largely attributable to the *H. pylori* seronegative category.

We found that only among Jewish participants, individuals infected with CagA strains had a twofold increased likelihood to have atrophic gastritis than uninfected ones. The picture among Arab participants was strikingly different: the prevalence of atrophic gastritis was considerably lower in *H. pylori* seropositive individuals than in *H. pylori* seronegative ones. This differs also from numerous reports in which a positive association between *H. pylori* infection and atrophic gastritis was demonstrated, especially in relation to CagA positive strains.[@R20]

The association between *H. pylori* infection and atrophic gastritis depends on the method and cut-offs used for the detection of atrophic gastritis.[@R27] A meta-analysis showed strong positive associations between *H. pylori* infection and atrophic gastritis when using gastroscopy with biopsy or the PGI:PGII ratio to determine the presence of atrophic gastritis (pooled ORs of 5.7--7.2).[@R32] However, no significant association was found when using PGI only.[@R32] In our study, the same cut-off was applied and the same laboratory was used for both Jewish and Arab participants; yet opposing associations were found between *H. pylori* serostatus and atrophic gastritis between the two groups. Inverse associations between *H. pylori* infection and atrophic gastritis were previously reported.[@R25] When we assessed PGI:PGII as a continuous variable, we found in both populations that the lowest mean ratio was found in persons infected with CagA strains, followed by those infected with strains lacking CagA and uninfected ones, but the trend was weaker in the Arab sample. This suggests that in those with atrophic gastritis but lacking *H. pylori* IgG antibody, the bacteria might disappear from the gastric mucosa as described elsewhere[@R33]; this could result in the disappearance of *H. pylori* serum IgG antibody.

In both populations investigated herein, the prevalence of atrophic gastritis increased with age, in agreement with other reports.[@R28] *H. pylori* infection is acquired in childhood[@R35]; therefore, the positive association of age and atrophic gastritis likely reflects a longer term duration of gastric inflammation in older people. Since this association was independent of *H. pylori* infection, it is possible that ageing itself also contributes to the development of atrophic gastritis. Moreover, *H. pylori* infection and atrophic gastritis were shown to be positively associated with accelerated epigenetic ageing, as determined by DNA methylation age in whole blood.[@R36] This exemplifies the potential impact of atrophic gastritis and *H. pylori* infection on health.

One might expect that other correlates of gastric cancer, such as male sex,[@R37] smoking[@R38] and physical activity[@R39] would be related to atrophic gastritis. We found a 1.5-fold higher odds of atrophic gastritis in women than in men; this was almost identical in magnitude between Arabs and Jews. Others too have reported a higher prevalence of atrophic gastritis in women than in men.[@R20] The prevalence of atrophic gastritis was lower among smokers than non-smokers in bivariate analysis (p=0.086), but this difference was not retained in multivariable models, confirming other reports.[@R30] A systematic review[@R39] showed that regular physical activity might be protective against gastric cancer. The borderline significant interaction in which physical activity appeared to be protective in Arabs but not in Jews provides a hint that in some populations it might confer protection. Moreover, among non-smokers of the Arab population, an inverse association with atrophic gastritis was evident, thus implying that health behaviours play a role in precancerous lesions in the stomach. This question should be further pursued, especially considering that our study was not originally powered to address it.

We found no significant association between obesity and atrophic gastritis prevalence, while mixed results were reported elsewhere. A study from Japan showed an inverse association between BMI and atrophic gastritis,[@R40] as opposed to a positive association observed in young individuals in Sweden.[@R20] Individuals with atrophic gastritis might experience changes in appetite and dietary habits; therefore, given the cross-sectional design of our and others' studies,[@R20] we cannot rule out the possibility of reverse causation as an explanation for discrepant findings. A large prospective study among males in Israel showed that obesity at adolescence to be positively related to increased risk of non-cardia gastric cancer.[@R41]

Our study has some limitations. First, locally validated serum PG assays are lacking, for example in comparison with histological examination of gastric biopsies. Using serum PGs to study atrophic gastritis likely underestimated the prevalence of this outcome. We assume that within each population group such misclassification is not differential; thus, it would not be expected to affect the population-specific conclusions regarding the correlates of atrophic gastritis. However, eventually, we cannot rule out entirely the possibility that the validity of the assay may differ between the two populations. Second, the cross-sectional study design limits the ability to assess directionality in associations of lifestyle variables with atrophic gastritis. Some individuals may have introduced lifestyle changes because of having atrophic gastritis, thus biassing the associations towards the null. Third, data on previous *H. pylori* eradication therapy were not collected. This is due to the nature of our study, which employed anonymised archived sera and data that were collected in a previous study on cardiovascular risk factors about a decade ago. Lastly, the response rate to participate in the study was relatively low among Jewish participants (55%). Although at enrolment, subjects were not aware of the current study hypothesis, we cannot rule out the possibility that non-response differed by atrophic gastritis or *H. pylori* infection and related characteristics.

Strengths of our study include a large general population sample with the representation of various ethnic groups and the attainment of findings of broad generalisability.

In conclusion, ethnic differences were observed in the prevalence of atrophic gastritis and in its association with *H. pylori* seropositivity. The lowest PGI:PGII ratio was observed in persons infected with CagA strains, although this measure may discriminate less well in Arabs.
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